ABSTRACT: A new industrial revolution is on the verge in the energy domain considering the knowledge and skills acquired through the development of new energy technologies. Shale gas processing, unconventional oil exploitation, new exploring/drilling methods, mature renewable energy or in progress, all generated a wealth of knowledge in new technology. Therefore, this paper aims to analyse the positive and negative aspects of energy solutions, and to reveal the way to a world where a valid sustainable development, based on safe and rational premises, is actually considered. The paper also introduces suggestions for the energy system, which has a crucial importance in coping with the resource management of the future, where the economic, social, and environmental/climate needs of the post-crisis world should be suitably considered.
INTRODUCTION
We live in a very complex world, which advanced remarkably in the development of new energy technologies throughout successive waves of energy substitutions of the past. From the intense use of coal in XVIII century and extensive use of oil in the XX century, to nuclear power and modern renewable energy sources (RES), all generated a wealth of knowledge in new technology. Over two centuries, by using exceptional skills and knowledge, fossil fuels have been converted into affordable heat and electricity that powered our modern society. After two industrial revolutions and major energy transformations, 1970s brought the anxiety about the scarcity of fossil fuels, combined with their effects on soil, air, water quality and also climate change concerns. Since then, major transformations have been noticed and considering the recent advances and new promising technologies, the XXI century will definitely bring a new industrial revolution based on new energy sources and systems, but supported by a legislative major transformation.
Energy is considered a crucial player within the sustainable context, as it has a key role in the global economic development, but also major effects on environment. Unfortunately, many of the current methods of energy supply and use are environmentally unfriendly, throughout the energy chain that links resource extraction to the provision of energy services [1] . Nevertheless, energy is a necessary, yet not sufficient, condition for economic growth, poverty alleviation, improving of human welfare and progress towards wellbeing, essentially shaping the living standards of the modern society. Diversifying the energy supply is a major challenge for any national economy and also is the consideration of the environment, therefore RES are seen as solutions to a lowcarbon based economy. However, RES also came with their baggage of limitations, which will be further presented, and should be carefully tackled. Consequently, the green technology, perceived as a solution to the environmental problems, should not be used as a panacea to cope with the complex problems of economies and ecosystems, but instead carefully analyzed and solutions for specific locations found out.
Consequently, the present paper investigates the positive and negative aspects of energy solutions, and reveals the way to a world where a valid sustainable development, based on safe and rational premises, is actually taken into consideration.
ANALYSIS OF GLOBAL ENERGY LANDSCAPE
Since 1970, total primary energy consumption has grown by 142%, all the fuels being on an increasingly slope, fossil fuels on a steeper one, while hydro energy, nuclear power and RES on a milder one. Despite the torrent of information and anxiety over the extensive use of fossil fuels and their effects on environment, in 2010, about 87% of the primary energy use worldwide comes from fossil fuels [2] . In 2010 the world energy consumption was around 12,000 million tons oil equivalent (Mtoe), about 87% of this being represented by fossil fuels (10,407 Mtoe), while the RES accounted only for about 8% (945 Mtoe) [2] (see figure 1 ). [2, 3] . These low figures are to be judged in contrast with the large subsidies granted for the green development. International
Energy Agency estimated the global subsidies to renewable power to 66 billion USD in 2010, while the subsidies for fossil fuels totalized an estimated 409 billion USD [4] . Based on these data, the estimated subsidy per consumed toe of renewable energy was significantly higher than for fossil fuels: 69.84 USD/toe of renewable energy and 39.30 USD/toe of fossil fuel. Source: data processed from [2] .
The European Union (EU) is a global leader in creating a new climate framework, therefore its energy policy has evolved through several stages since the 1970s. The current ambitious goals translate into the assuming of a triple quota by 2020: a 20% energy efficiency increase, 20% more RES utilization, and a 20% reduction of green house gases (GHG) [5] . However, all three priorities have weak points. The energy efficiency programs must be properly designed, as they may lead to increased consumption of resources meaning a higher overall energy use. "30% of the gains from energy efficiency are lost because the savings are put back into energyconsuming activities" [6] . The green revolution based on RES, an inspiring initiative, may be unfortunately another bubble and a way of profiting from climate change. Last, the 20% quota for GHG reduction should be accomplished by setting targets on industry and energy systems, or otherwise, the decrease in GHG may come solely from a slower economic activity than in the past. In such a way, unfortunately, the EU "is now learning that moving towards a world with more renewable generation not only may solve problems, but also may create new ones" [7] . Therefore, the answers must incorporate a rational view and the future energy solutions must be based on safe and rational premises.
ENERGY SOLUTIONS FOR SAFE AND RATIONAL DEVELOPMENT

Energy solutions based on classical fuels
Presently, the energy cannot be at the same time stable, fully available, affordable and environmentally sound, therefore safe and rational solutions are to be considered in the road towards a valid sustainable world. We find ourselves in a transition time, when it is impossible to switch off coal stations, oil engines production or nuclear stations based on fission. Therefore, humanity should adapt to this transition period and instead of dismissing fossil fuels and former practices, better and improved technological solutions must be considered in the quest towards a low carbon future.
Fossil fuels are of key importance for economic growth, as non-fossil energy type cannot play the same role as fossil fuels in promoting global economic growth [8] . The rate of utilization of fossil fuels may be kept under control, whereas in the case of RES this is impossible, as they are mostly correlated with variable energy type. Moreover, in the case of the production of secondary energy, the fossil fuels cannot be easily replaced, like oil for transportation and petro-chemistry. Therefore, wise solutions must be thought that incorporate new solutions for fossil fuels, conventional or unconventional, in a quest to become more sustainable, with less impact on local (by releasing toxic spills on soil, water and air) and global environment (through the release of GHG gases).
Coal use should imply proper technologies and investment in cleaner processes and neutralization of emissions, and also the development of carbon capture and storage (CCS).
Oil utilization should involve more efficient engines. In addition, investments in innovative science and technology new exploring/drilling technologies to access the deep and more "expensive" fossil fuels equipped with cleaner safeguards are needed.
Natural gas use should be fostered as it represents the cleanest fossil fuel and it smoothes the path towards achieving both economic and environmental targets of the future. Natural methane and liquefied natural gas (LNG), with important technologic improvements and regulations, should be considered the main actors for fuelling of a cleaner future.
Shale oil and gas are valuable resources with tremendous potential located on the subsurface (about 7,000 meters below ground level), or offshore [9] . However, the hydraulic fracturing that is commonly employed to release the liquid/gas from the sedimentary rocks is expensive and controversial, the problem relying on the economic and environmental effectiveness of the oil/gas retrieve. The ground water pollution may be overcome if the offshore locations are tackled first and the technology is allowed to advance.
Gas hydrates represent natural gas trapped inside crystals, and great resources are considered to be located under Arctic permafrost and offshore [10] . Their huge potential is not yet commercially available, but dedicated research is underway.
Nuclear power must be improved technologically and more investment is needed into safety issues, considering the recent evolutions from Japan and vulnerability towards natural catastrophes and human error.
Combined heat and power (CHP) represents an efficient solution with lower emissions than separate technologies for fossil fuels and biomass that aims the recovery and use of the heat resulted from electric power-generation.
Energy solutions based on RES
RES are very important for a diversified mix of energy sources that safeguards the global need of the security of supply, but also the environment [11] . However, they came with important limitations, depending on the type, and all of them should be reconsidered when speaking about green economy and their economic and environmental viability. Moreover, the green growth is not sufficient to support the actual consumption rate for energy resources [12] and, at the same time, RES are not sufficiently low-carbon in nature to regenerate the atmosphere. The 12 main weak points of RES sources are:
1. lower energy density per volume than fossil fuels; 2. intermittent supply and limited locations; 3. challenging harvesting, transport and distribution; 4. high initial capital costs; 5. higher transaction costs per KW than fossil fuels based power plants; 6. vulnerability to natural/terrorist hazards; 7. new green subsidies and incentives, feed-in tariffs; 8. increased prices for consumers; 9. lack of delivery infrastructure; 10. grid extensions and costly improvements; 11. indirect effects on environment and ecosystems; 12. controversial not-in-my-back-yard attitudes.
Therefore
Hydropower, the largest source of renewable electricity in EU, is only efficient when speaking about small size hydro-plants (up to 10 MW). Otherwise it has a large impact on ecosystems and human life leading to loss of land and habitat, displacement of communities and water-related diseases. Moreover, the dams are vulnerable to earthquakes and terrorist attacks, and also threaten the rivers' wildlife.
Wind energy, the fastest growing RES from EU, is efficient especially when speaking about large-scale projects, but when it comes to small-turbines their production and shipping generates more CO2 than save. Moreover, the turbines have an impact on the quality of life of different ecosystems, generating persistent noise, scenery and pristine nature beauty loss, and also rising ornithology concerns. At the same time, the best locations have already been used in several countries, so a potential development rests on the more expensive offshore.
Solar energy also leaves a mark when speaking about the production and disposal of polysilicon needed for photovoltaic energy. Regarding the production, aside the large amount of energy required, the byproduct of polysilicon is represented by a highly toxic substance, silicon tetrachloride, which has to be properly recycled and disposed, involving more energy consumption. Moreover, the lifespan of solar panels is estimated at 20-25 years, so they will have to be properly collected and disposed.
Biomass should be sustainable used, at a pace of consumption equal with the natural replacement rate [11] . Bioethanol production requires more land made available for ethanol producing crops this leading to a diminishing of forests and agricultural cultivations. Moreover, the process also implies fertilizers and pesticides that affect the soil on long term. Even with the second-generation of dedicated energy crops (like perennial tree, different grass species), there are several drawbacks including the massive consumption of fresh-water, threats for local biodiversity and it also generates air pollution. Biomass also incorporates less energy density than other fuels, and only those resources coming from wastes and residues from organic agricultures that are ecologically collected and not used for soil/animal activities are to be considered safe for utilization [13, 14] .
Algae oil/algal oil represents a promising replacer for traditional oil [15] and is extracted by different methods from algae or microalgae that are grown in open or closed photobioreactors. However, the fresh water demand is high considering the stoichiometric demands, but also the cooling of reactors. The energy requirements are significant and the waste generated is very important, as 99.8% of the material is waste. Nevertheless, recent research [16] shows that the water management may be optimised and, by employing improved reactor designs, the energy demand may be also optimised.
Geothermal power comes with concerns regarding the safety of its production as it might be connected with the generation of local earthquakes [17] . Moreover, the development time for such a facility (permits, regulations, drillings, financing, etc) may take several years and also is accompanied by toxic discharges.
Ocean/waves energy is the energy produced offshore by ocean waves and accounted 250 MW in 2010 in EU [18] . However, it needs significant grid extension and improvements to reach land regions.
Tidal energy represents the energy generated by tides and the dams are generally built on rivers' estuaries. However, they are characterized by high initial capital investments, also affect the marine life and are very vulnerable towards severe weather conditions.
The development of electrical vehicles is considered a solution to replace oil for transportation, as the automobile does not directly produce any emission. However, the charging of the battery involves consumption of electrical energy, which might be unsustainably obtained, leading to indirect emissions.
Hydrogen may not be yet considered as an important clean energy vector, as any new energy technology needs important time before reaching maturity and substantial market shares. It needs a proper development of technology and infrastructure, but it may contain the answer for the future.
A wealth of new technology, like blue energy, helioculture, piezoelectricity, ocean thermal energy conversion, etc is available and seems very promising, but is not yet commercially available.
The social and economic aspects of RES must be also taken into consideration by properly balancing the new and the suppressed jobs. The new green jobs created by RES are lower than expected [19] and we believe that they are a better solution when speaking about local development or in rural/isolated areas.
Solutions for a safe and rational energy management of the future
The technologic advances in exploring, drilling and producing energy made possible the present energy landscape, where unconventional fossil fuels, previously regarded as expensive and unattainable, should be reconsidered and sustainably used. From 4-D seismic, laser drilling, steel-cased wells, improvements of sub-sea installed water separators for oil [20] , gas-to-liquid technology, based on Fisher-Tropsch process but with improved catalysts, to production management that incorporates fibber optics and robotics, all contributed to the new role of unconventional fossil fuels.
The quest towards RES must not be tackled emotionally and should not interfere with the wellbeing of the present generation, as the energy problem of tomorrow should not become a financial and economic problem of the present.
The energy problem has a tremendous effect on global wellbeing [21, 22] . The recent crisis and recent evolutions thought us that the economic effects of a crisis are interlinked with the dynamics of oil price [23] . We may assert that the majority of economic downturn registered after 1970 were preceded by a sudden increase of oil prices, as portrayed by Source: data processed from [2] and [24] .
The crises of 1970s (denoted 1), 1980s (denoted 2), 1990s (denoted 3), 2000s (denoted 4) and the current crisis that started in 2010 (denoted 5) brought high unemployment figures, fiscal insecurity and environmental degradation all over the world. The crises had tremendous effects on individuals over the years, in terms of exposure to poverty, vulnerability to a changing economic environment and even the security of their own lives. The present ongoing recession, the concerns about the resources scarcity and constant environmental damage should find a conclusion and the answer incorporates a safe and rational approach of energy sources.
The solution to all these problems is based on a smart mix of new energy policies and regulations, new energy sources and technology, involving also "clean" technology based on fossil fuels, safer nuclear energy and energy-efficiency programs. But above all, it must consist in a behavioural change, where the wastes should be kept to minim levels, both for individuals and companies. Fossil fuels subsidies must be responsibly phased out, while RES large subsidies must be rethought and should be granted only for the advancement of clean technology, but depending on their maturity degree. Market competitiveness should be the main driver of a specific mature technology. Recently, several countries of the EU considered phasing out the significant subsidies for wind and solar energy, as Spain and Germany, in a quest to achieve real market competitiveness, but also to reduce costs considering the ongoing crisis [25, 26] . Moreover, the green growth has to be safely and rationally tackled, as it may lead to another bubble, as that of the crisis of "dot. The investments in new clean exploring, drilling, processing, waste disposal and transportation technologies of fossil and nuclear fuels should not be dismissed, but pursued with priority considering the energy and environmental needs of the present and the foreseen ones for the future.
Technology, traditional or modern, must be introduced considering their competitiveness in specific regions, as one might be unaffordable in certain regions, while in other proves to be the right answer. Another factor relies on the culture of a country and the behaviour of its inhabitants, consequently efficiency solutions are to be selected depending on region. Therefore, proactive measures that involve the collaboration of all stakeholders (companies, local and central authorities, research institutes and universities) are to be considered for each region, depending on their specificity.
CONCLUSIONS
The energy landscape is rapidly evolving and in the absence of a free/affordable energy source based on water/hydrogen or a stable nuclear fusion, the future will be shaped by the safe and rational use of fossil fuels, conventional and unconventional, and RES. Considering the increasing high oil prices, the unconventional deep and more "expensive" fossil fuels will become affordable and an economically feasible solution.
A new industrial revolution is on the verge in the energy domain considering the knowledge and skills acquired through the development of old and new energy technologies. Innovation and creativity are the main keys towards a smarter future and the present crisis may constitute the proper catalyst in achieving the desired wellbeing of the present and future generations by accelerating the transition to a cleaner and safer global economy.
In a quest towards energy self-sufficiency, the interests of the authorities should not interfere with the wellbeing of the present generation and the energy problem of tomorrow should not become a financial and economic problem of the present.
The energy solutions based on classical energy sources, conventional or unconventional, like oil, coal, gas, nuclear, have a strong potential as the possibilities of controlling the environmental risks have growth since the 1970s. The energy solutions based on RES should be pursued, but rationally and safely and must be introduced considering their competitiveness in specific regions. The hidden costs are to be identified for each energy source and energy efficiency plans, smart waste management solutions are to be pursued with responsibility considering the current and future needs and lifestyle. 
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